How to cite this article: Polkovnikova Y, Lenshin A, Seredin P, Koryanova K. Quantum-chemical free energy calculation of vinpocetine molecules with surface of silicon and silicon dioxide. Marmara Pharm J. 2018; 22 (4) ABSTRACT: An important task in technology of chemical-pharmaceutical preparations is the improvement of drug formulations, the development of new alternative drug delivery methods for biologically active substances as well as the changes in the delivery systems of active components. A search and implementation of nano-size systems for the delivery of drug formulations related to nootropic series is in fact an actual task in medicine. Correct interpretation of the experimental data in the study of the reactant release from the delivery systems such as nanoparticles is impossible without the comprehension of physico-chemical processes occurring at the molecular level. The purpose of the study is a comparative analysis of thermodynamic characteristics of vinpocetine binding with the surface of silicon and silicon oxide in aqueous medium. Calculations of the enthalpy, entropy and Gibbs energy were performed for the process of vinpocetine desorption from the surface of an adsorbent. First, the values of enthalpy and entropy were calculated for the initial and final stages of the process. Gibbs energy of vinpocetine desorption from the surface of silicon oxide is of a greater value as compared with its desorption from silicon surface under corresponding pH values. It can be explained by the ability of silicon oxide surface to ionization at pH 6.8 and 7.0, as well as by a large number of hydroxyl groups on the surface of this adsorbent. The obtained data enables to make a conclusion on the more tight vinpocetine binding with the surface of silicon oxide as compared with pure silicon surface.
INTRODUCTION
Targeted drug delivery is one of the most important problems of the up to date pharmacology. First of all it is connected with a low efficiency of the routine ways for the medication intake when only a small part of the drug gets directly to the nidus. Moreover, a lot of the drugs have different side effects limiting permissible doses. Therefore, the development of containers for the targeted drug delivery is one of the main tasks in this scientific area [1] [2] [3] .
Considerable progress in the field of the development of the principally new drug carriers is connected with the use of nanomaterials. Various substances are currently applied as the drug carriers -polymers, liposomes, hydroxyapatites, particles of metals and their oxides [4] [5] [6] . New technologies for obtaining of highporous materials are elaborated that are capable to adsorb drugs and then to release them in a controlled way. This is especially important while formation of the preparations with a prolonged activity [7] .
Materials for nano-containers should meet rather severe safety requirements: they must have minimal toxicity and it is desirable that they should be biodegradable [8] . One kind of these materials is nanoparticles of silicon, silicon oxide and porous silicon. The latter material involves both oxidized and non-oxidized silicon phases. The ratio of these phases can be controlled by varying of the technological parameters when obtaining porous silicon and performing its post-treatment [9, 10] .
Elaboration of the new drug formulations of neuro-psychopharmacology substances is limited by two essential problems: overcoming of hematoencephalic barrier and selectivity of the active agent in respect to the target-cells in central nervous system. In order to solve these problems at the contemporary stage of the development a design of the multi-functional high-selective nanosystems seems to be especially perspective. These nanosystems will be capable to deliver transported agent first to the cerebral micro-vessels, then to the interstitial fluid and thereafter directly to the target-cells in the brain [11] . An important role in solution of these tasks implies the determination of the mechanisms and calculation of the corresponding functional parameters characterizing adsorption and desorption of the medicinal drugs at the particles-carriers of different composition. A prospective pharmaceutical substance for design of the nano-size formulation on the basis of porous silicon is vinpocetine [12] .
This article is a continuation in the series of works concerned with the development and investigations of nanostructures on the basis of silicon for the application in the field of targeted delivery of the drugs [13, 14] .
The purpose of the study is a comparative analysis of thermodynamic characteristics related to the binding of vinpocetine with the surface of silicon and silicon oxide from aqueous medium.
RESULTS
In order to make quantum-chemical calculations of thermodynamic characteristics the following fragments of the initial and ultimate states used in the simulation of molecular dynamics of the systems were isolated (Figs. 1 -7 ): 1) vinpocetine -adsorbent, 2) solvent, 3) adsorbent, 4) vinpocetine -solvent.
Vinpocetine molecule is arranged in parallel to silicon surface and their binding takes place with a participation of presumably Van der Waals interaction ( Figure 1) .
Cation of vinpocetine is bound similar to the base arranging in parallel to the surface of silicon ( Figure  2 ).
In case of the presence of functional groups -H and -OH on the surface of silicon vinpocetine takes different positions near interphase surface. In this situation hydrogen bonds participate in vinpocetine fixation ( Figure 3) .
Location of vinpocetine-cation near silicon surface in the presence of -H and -OH groups is perpendicular to the interphase surface ( Figure 4 ).
From Figure 5 it can be seen that the location of vinpocetine cation relative to the non-ionized silicon oxide is perpendicular one while bonding occurs due to the polar groups of vinpocetine.
Vinpocetine is bound to the ionized surface of silicon oxide due to the polar groups and its molecule is perpendicular to the surface ( Figure 6 ).
Vinpocetine-cation is bound to the ionized surface of silicon oxide due to the polar groups of vinpocetine as well as due to the ion interaction ( Figure 7) .
As a result of vibration analysis thermodynamic characteristics of the simulated fragments in the systems were obtained (enthalpy and entropy). The results are presented in Tables 1 and 2 . 
DISCUSSION
On the basis of quantum-chemical calculations for enthalpy of vinpocetine desorption from the surface of silicon and silicon oxide it is possible to conclude that the release of vinpocetine cation from the surface of silicon and silicon oxide is more advantageous in energy as compared with the vinpocetine base.
A positive value of entropy desorption for vinpocetine while its release from the surface of silicon and silicon oxide into the aqueous environment is a factor facilitating the release of this substance. Table 3 provides the results of quantum-chemical calculations for Gibbs energy in desorption of vinpocetine.
Results of quantum-chemical calculations for Gibbs energy of vinpocetine desorption from the surface of silicon and silicon oxide enabled to consider the influence of entropy and temperature on the energy of desorption. The obtained results indicate at the higher affinity of vinpocetine to the adsorbent if the former one is in the form of base as compared with cation state.
These results were further employed for the estimation of thermodynamic characteristics for adsorption of vinpocetine on silicon and silicon oxide under different values of pH in solvent (water). Considering index of the dissociation constant for vinpocetine pKa = 7,1 [15] and using HendersonHasselbach equation [16] it is possible to calculate the relative content of vinpocetine-base and vinpocetinecation in a solution: To perform these procedures weighted average values of enthalpy, entropy and Gibbs energy of desorption were also calculated. Relative content of vinpocetine and vinpocetine-cation was employed as weighting coefficients for different pH values (Table 4) .
Calculations of thermodynamic characteristics for vinpocetine desorption from the surface of silicon and silicon oxide with the account of the dependence of vinpocetine ionization under different values of pH enable to make a conclusion on the more tight binding for this preparation with the adsorbents at pH = 6.8 and 7.0 as compared with pH = 2.0. Moreover, the obtained data allow to make an assumption that vinpocetine adsorption is more efficient on silicon oxide at the corresponding values of pH. Obviously, this can be explained by a greater amount of donors and acceptors of the hydrogen bond on the surface o silicon oxide as well as the ability of silicon oxide to ionization and, hence, by involving of the ion adsorption. Table 4 . Thermodynamic characteristics of Vinpocetine desorption from the surface of silicon and silica for different pH values.
CONCLUSION
The performed calculations showed that the efficiency of vinpocetine release from the particles of silicon and silicon oxide (SiO2) is related with thermodynamic characteristics of the desorption process. Comparison of Gibbs energy for the desorption of vinpocetine from the surface of non-substituted silicon and silicon with -H and -OH groups on the surface makes it possible to conclude that vinpocetine is more tightly bound in the presence of hydroxyl groups on the surface of an adsorbent. Probably, it can be explained by formation of hydrogen bonds between an adsorbate and adsorbent. Gibbs energy of the desorption for vinpocetine from the surface of silicon oxide is greater as compared with that one for the desorption from the surface of silicon under corresponding pH values. It can be possibly explained by the capability of silicon oxide surface to its ionization at pH 6.8 and 7.0, as well as by a great amount of hydroxyl groups on the surface of this adsorbent.
The obtained data arrive at the conclusion on more tight binding of vinpocetine with the surface of silicon oxide as compared with pure silicon surface.
Basing on the calculations one can also make a conclusion on the decrease of the bond strength between vinpocetine and the surface of silicon and silicon oxide under decrease of the pH value.
MATERIALS AND METHODS
Calculations of enthalpy, entropy and Gibbs energy were performed for the desorption process of vinpocetine from the surface of an adsorbent [17] [18] [19] . To make the calculations first enthalpy and entropy of the initial and ultimate states of the process were preliminarily calculated. Adsorbate conformations at the interphase surface were taken as the initial states while for the ultimate state vinpocetine in the aqueous environment and adsorbent surface in its contact with water were considered. In order to calculate thermodynamic characteristics of vinpocetine desorption from the surface of silicon and silicon oxide conformations of vinpocetine molecule near the surface of adsorbent were applied that were previously obtained in the process of molecular dynamics simulation. Optimization of the geometric conformation was performed in the force field of Amber94 [20] in the program suite of Bioevrika [21] [22] [23] .
Vibration analysis for the isolated systems [24] was performed with the use of infinite Hartree-Fock method in STO-3G basis realized in the program Orca 4.0.
Calculations of enthalpy (ΔH∆ ) ∆H and entropy (ΔP∆ ) ∆ of vinpocetine desorption was realized according to the formulas: 
